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Open suction systema b s t r a c t
Background: Catheter suction is used to remove tracheal secretions through the endotracheal tube in
mechanically ventilated patients, which may be either closed tracheal suction system (CTSS) or open
one. In CTSS, the catheter is a part of ventilator circuit with no need to disconnect the ventilator. It seems
that the CTSS prevent soiling and spraying of respiratory secretion into the ICU.
Objective: To compare CTSS system in comparison with an open tracheal suction system in adult patients
receiving mechanical ventilation for more than 24 h in terms of VAP incidence, length of stay in the inten-
sive care unit and mortality.
Methods: We prospectively recruited all mechanically ventilated patients in our general ICU, Dar El Shefa
hospital between January 2012 and January 2013. Group A are those with open tracheal suction system
(OTSS) and group B with closed tracheal suction system (CTSS), comparing VAP incidence, length of stay
in the intensive care unit and mortality between the two groups.
Results: Group A (OTSS) where the incidence of VAP was 30.13/1000 ventilator days not statistically sig-
nificant in comparison with patients in group B with CTSS with VAP incidence 17.48/1000 ventilator days.
Conclusion: There is no difference in the incidence of ventilator associated pneumonia and mortality rates
between the two groups. The average length of stay declined in patients with OTSS group.
 2016 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
Mechanical ventilation (MV) and intervention manoeuvres such
as endotracheal suction are contributing risk factors for ventilator
associated pneumonia (VAP) [1]. VAP is defined as pneumonia that
develops in an intubated patient after 48 h or more of MV support.
It is associated with high morbidity and mortality and is consid-
ered one of the most difficult infections to diagnose and prevent
[2].
Endotracheal intubation is required to establish mechanical
ventilation [3]. The existence of endotracheal tube causes tissues
irritation and increased secretion. It is essential to regularly clean
and suction the artificial airway to maintain ventilation [4].
Although endotracheal tube suction is a device to remove secre-
tions and keep the airways open, it causes many complications [5].
Major hazards and complications of endotracheal suctioning
include hypoxaemia, tissue hypoxia, significant changes in heart
rate or blood pressure, presence of cardiac dysrhythmias andcardiac or respiratory arrest. Additional complications include tis-
sue trauma to the tracheal or bronchial mucosa, bronchoconstric-
tion or bronchospasm, infection, pulmonary bleeding, elevated
intracranial pressure and interruption of MV [6].
The endotracheal suctioning technique is classically performed
by means of the open tracheal suction system (OTSS), which
involves disconnecting the patient from the ventilator and intro-
ducing a single-use suction catheter into the patient’s endotracheal
tube. During the late 1980s, the closed tracheal suction system
(CTSS) was introduced to more safely suction patients on MV as
a multiuse catheter is introduced into the airways by connecting
an instrument to the ventilator which allows suction catheter
enters into endotracheal tube through a one-way valve without
disconnecting the patient from the ventilator [7]
The suggested advantages of CTSS compared to conventional
OTSS are: improved oxygenation; decreased clinical signs of
hypoxemia; maintenance of positive end-expiratory pressure; lim-
ited environmental, personnel and patient contamination; and
smaller loss of lung volume. As a result the CTSS is currently being
used to minimize hazards and complications associated with endo-
tracheal suctioning [8]. Numerous studies have been conducted to
test CTSS, compared with an OTSS, analyzing the prevalence of
VAP, efficiency in secretion removal and mortality [9].oi.org/
2 A. Elmansoury, H. Said / Egyptian Journal of Chest Diseases and Tuberculosis xxx (2016) xxx–xxxOne of the advantages of closed suction system is to reduce res-
piratory pollution and pulmonary infections. Another potential
advantage is its easy application which only needs one nurse. In
closed suction method, nurse would not be infected by patient’s
endotracheal tube secretions and suction catheter can be used fre-
quently [10].
Aim of the study
The objective of this study is to assess the effects of suctioning
with a closed tracheal suction system in comparison with an open
tracheal suction system in adult patients receiving mechanical
ventilation for more than 24 h in terms of VAP incidence, length
of stay in the intensive care unit and mortality.
Subjects and method
Study design and patient data
This study was conducted on 141 patients who were mechani-
cally ventilated from January 2012 to December 2012 in medical-
surgical intensive care unit at Dar El Shefa hospital. ICU consisted
of three centers: Center (A) with 6 beds and Center (B) with 5 beds
and Center (C) with 3 beds.
Patients were divided into two groups:
 Group A:
Included mechanically ventilated patients admitted to intensive
care unit during the period of January 2012 to June 2012 with
open tracheal suction system (OTSS)
 Group B
Included mechanically ventilated patients admitted to intensive
care unit during the period of July 2012 to December 2012 with
closed tracheal suction system (CTSS).
Patients who required mechanical ventilation for more than
48 h at any time during their ICU stay were included in the study.
Studied patients were prospectively followed for the occurrence of
ventilator associated pneumonia.
Each patient was subjected to:
 thorough history taking,
 thorough general and chest physical examination,
 Chest X-ray antero-posterior view daily or every other day,
 Conventional bacteriological culture in patients with suspected
VAP.
Data were collected from the patient,s sheets included:
 Length of ICU stay,
 Diagnosis,
 Date of admission
 Date of mechanical ventilation,
 Date of extubation
 Outcome.
VAP diagnosis depends on
Radiological signs
Two or more serial chest radiograph with at least one of the
following.
 New or progressive versus persistent infiltrates
 Consolidation.
 Cavitations.Please cite this article in press as: A. Elmansoury, H. Said, Closed suction system
10.1016/j.ejcdt.2016.08.001Microbiological criteria
At least one of the following:
 Positive growth in the blood culture not related to another
source of infection.
 Positive growth in tracheal aspirate or pleural fluid.
 Positive culture from BAL.
Clinical signs
At least one of the following
 Fever (temperature >38 C).
 Leucopenia (<4000WBCs) or leukocytosis (>12000WBCs).
 Altered mental status, for adults 70 years or older with no other
recognized cause.
Plus at least 2 of the following
 New onset of purulent sputum or change in the character of
sputum.
 Increased respiratory secretions or increased suctioning
requirements.
 New onset or worsening cough or dyspnea, rales or bronchial
sounds.
 Worsening gas exchange.
 Increased oxygen requirements.
Criteria for closed suction system
A. Equipment
1. Closed Suction Systemversua) Closed suction system (colour coded by size). A set of
‘‘change stickers” is included in the package to label
with date closed suction system is due to be changed.
b) Rule of thumb: double the size of the endotracheal
tube to determine catheter size.2. Sputum Collection for Laboratory Examination
a) Mucus specimen trap (‘‘Leuken”)
b) Laboratory requisition.
c) Biohazard bag to send sample to lab
d) New closed suction systemB. Precautions
1. Bradycardia/desaturation may occur from either inserting
the catheter too slowly or using a large catheter which
occludes the internal lumen of the ETT. Close observation
of the patient’s oxygen saturation and heart rate was done
during the procedure.
2. Limited duration of suctioning to no longer than 5–10 s
per pass.
3. Overly forceful withdrawal of the catheter may pull the
catheter tip out of the white PEEP seal located near the
irrigation port. This will cause the bag around the suction
catheter to inflate and sometimes pulse with air. Ventila-
tion still occurs, but the peak pressures will be somewhat
reduced and the patient may deteriorate. Fixation of this
problem by simply feeding the catheter back through the
PEEP seal was performed.
4. Accidental extubation may occur if the ETT is not properly
supported during withdrawal of the catheter.
5. The CTSS set is used for one week with a date written on
the sticker to identify the replacing date.
C. Procedure
A. Set-ups open suction, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/
A. Elmansoury, H. Said / Egyptian Journal of Chest Diseases and Tuberculosis xxx (2016) xxx–xxx 31. Careful removal of the 15 mm adapter from the patient’s
endotracheal tube (ETT) and its replacement with the
appropriate one from the closed suction system package.
These adapters are clearly marked according to the size
endotracheal tube that they will fit.
2. Lifting and turning of the suction control valve 180
degrees to lock it against accidental depression. Placing
the appropriate ‘‘date to be changed” sticker on the T-
piece at the suction control valve is performed.
3. Connecting the suction tubing to the thumb control valve
and attach the ventilator circuit to the 15 mm adapter on
the closed suction system Y adapter.
4. Suction pressure used was 120–140 mmHg pressure. The
suction pressure was checked before suctioning patient.
The tube that is attached to the wall suction is occluded
while reading the suction manometer.
B. Suctioning Technique
1. To decrease risk for causing catheter-related tissue dam-
age, determine appropriate depth for suction catheter
insertion.Please
10.101a) For endotracheal tubes: Use the centimeter markings
on the suction catheter and the endotracheal tube.
The catheter tip will be within 0.5–1 cm from the
end of the ETT when it has been advanced so that
the number on the catheter is lined up with the same
number on the endotracheal tube. Avoid inserting the
suction catheter more than 0.5–1 cm beyond the end
of the ETT.
b) On occasion, the presence of thick, tenacious secre-
tions may necessitate deeper suctioning, but this
technique increases the risk of epithelial damage,
and should only be used when airway clearance is
ineffective using premeasured depth.2. Unlock the thumb control valve by lifting it and turning it
180 degrees.
3. Stabilize ETT while advancing the catheter. Once desired
depth is reached, apply suction by depressing thumb con-
trol valve. Continue to depress valve while gently with-
drawing the catheter (pull from the thumb control
valve). Support the ETT to prevent accidental extubation.
Withdrawal is complete when the black tip of the catheter
is visible in the window attached to the irrigation port.
4. As the catheter is withdrawn, secretions on its external
surface are ‘‘squeegeed” off by the white PEEP seal at the
blue irrigation port. Depress the suction control valve
while instilling sterile normal saline through the blue port.
This cleans the ‘‘squeegeed” secretions as well as the inter-
nal lumen of the catheter. The color and consistency of the
suctioned secretions can be seen in the window next to the
suction control valve. Cleansing is complete when clear
saline is seen flowing through this window.
5. Lock the suction control valve, remove the syringe of ster-
ile saline and cap the irrigation port.
C. Sputum collection for laboratory examination
1. Verify credentialed practitioner order for respiratory cul-
ture; sputum culture.
2. To avoid obtaining a contaminated specimen, changing of
the closed suction system prior to obtaining the specimen.
3. Connect the suction tubing to the top port on the sputum
trap. The distal end of the suction tubing remains attached
to the suction receptacle.
4. Connect the tubing on the sputum trap to the thumb con-
trol valve on the closed suction system.
5. Tighten the cap on the specimen trap to ensure a tight
seal.cite this article in press as: A. Elmansoury, H. Said, Closed suction system
6/j.ejcdt.2016.08.0016. Suction the patient. If the secretions are scant and/or tena-
cious, irrigate the catheter with a small amount of sterile,
non bacteriostatic normal saline.
7. After the sample is obtained, disconnect the specimen trap
from the closed suction system and the suction tubing.
Without contaminating the ends, connect the open end
of the short rubber tubing to the top port on the sputum
trap, thereby sealing it off.
8. Reconnect the suction tubing to the thumb control valve.
Lock the suction control valve.
9. Label the specimen according to policy and forward to the
laboratory immediately.
D. Documentation
1. Document suctioning on the patient’s flow sheet.
2. Describe the patient’s response to the procedure.
3. Document specimen collection on the patient’s flow sheet
Open endotracheal suctioning system
Equipments






 Appropriate size suction catheter
 Depth required for tube suctioning
 Appropriate suction pressure
 The correct suction pressure for use on tube is 80–120 mmHg
equivalent to 10–16 kPa
Procedure
 Utilize personal protective equipment including non sterile
gloves and safety glasses.
 Suction using a clean, non touch technique.
 Gently introduce the suction catheter into the endotracheal
tube to the pre-measured depth.
 Apply suction & gently rotate the catheter while withdrawing.
Each suction should not be any longer than 5–10 s.
 Assess the patient’s respiratory rate, skin color and/or oximetry
reading to ensure the patient has not been compromised during
the procedure. Repeat the suction as indicated by the patient’s
individual condition.
 Rinse the suction catheter with sterile water decanted into
bowl, not directly from bottle.
 Look at the secretions in the suction tubing, they should be clear
or white and move easily through the tubing.
 Notify the parent team if the secretions are abnormal, and con-
sider sending a specimen for culture and sensitivity.
Special considerations
If the correct size suction catheter does not pass easily into the
endotracheal tube, suspect a blocked or partially blocked tube and
prepare for immediate endotracheal tube change.
Statistical analysis
Calculation details:
Baseline surveillance was done to define the incidence of VAP.
VAP rate was defined as the total number of VAP episodes duringversus open suction, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/
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1000.Figure 1. Set of closed tracheal suction system.Calculations of VAP rates
 Numerator definitions: Total number of VAP episodes in ICU
during the set time interval.
 Denominator definitions: number of ventilator days in ICU in
the same interval used in the numerator.
 Ventilator Days: total number of day’s exposure to ventilators
by all patients in the selected population during the selected
time period.
These calculations were measured monthly.
Number of VAP episodes X 1000 = incidence of VAP
Ventilator days
The mortality of ICU was calculated as the number of died
mechanically ventilated patients divided by all patients who where
mechanically ventilated in ICU during the period of study.
Average length of stay equals average summation of number of
previous days in ICU for mechanically ventilated patients.Results
This study was conducted on patients and subjects in medical
and surgical ICU at Dar El Shefa Hospital in the period from January
2012 to December 2012.
Overall patients admitted to the ICU with mechanical ventila-
tion were 141 patients.
They were divided into two groups.
Group A: included 75 patients who were mechanically venti-
lated from period January 2012 to June 2012 and open suction sys-
tem was applied to all of them of which 16 developed VAP.
Group B: included 66 patients who were mechanically venti-
lated from July 2012 to December 2012 and closed suction system
were applied to all of them of which 9 developed VAP.
This table shows that mean age in the studied groups were
(58.3), males were (53.2%), and females (46.8%) with the median
average length of stay 9.5 days.
This table shows the comparison between group A with open
suction system that has higher incidence of ventilator associated
pneumonia during 2nd month, 3rd month, 4th month and 6th
month, with the highest difference at the 4th month representing
52.5%,in comparison to group B with closed suction system. Yet,
there is no statistically significant difference between two groups
as regard overall incidence rate of ventilator associated
pneumonia.
The overall incidence of ventilator associated pneumonia is
30.13/1000 ventilator days in group A with open suction system
than that of patients in group B with closed suction system with
17.48/1000 ventilator days.
This table illustrates that the incidence of MRSA, Acintobacter
species and Staphylococcus Aureus as a causative organism of venti-
lator associated pneumonia in group A were totally absent in group
B. Pseudomonas spp. as a causative organism of ventilator associ-
ated pneumonia appeared in group B which was completely not
present as a causative organism of ventilator associated pneumo-
nia in group A.
This table shows that there is no statistically significant differ-
ence in the mortality rate of patients on mechanical ventilation
between group A with open suction system and group B with
closed suction system.
This table shows that there is a statistically significant differ-
ence as regard average length of stay which illustrates that group
B with closed suction system had shorter length of stay that ofPlease cite this article in press as: A. Elmansoury, H. Said, Closed suction system
10.1016/j.ejcdt.2016.08.001patients in group A with open suction system. On the other hand,
there is no statistically significant difference between group A
and group B as regard monthly ventilator days (Fig. 1).Discussion
This study was done on 141 patients who were mechanically
ventilated from January 2012 to December 2012 in medical-
surgical intensive care unit at Dar El Shefa hospital, their mean
age group was 58.3,53.2% were males and 46.8% were females.
The median length of stay of those patients in ICU were 9.5 days.
Patients were divided into two groups, group A with open tra-
cheal suction system (OTSS) where the incidence of VAP was
30.13/1000 ventilator days not statistically significant in compar-
ison with patients in group B with closed tracheal suction system
(CTSS) with VAP incidence 17.48/1000 ventilator days.
This was coordinate with the study done by Zeitoun et al. 2003
[11], who performed his study in a medical/surgical ICU at San
Paulo Hospital, in Brazil on 49 patients. 24 where subjected to
OTSS and 25 were subjected to CTSS. Only 11 with OTSS developed
VAP and 7 with CTSS developed VAP. They concluded that the
closed suction system didn’t decrease the incidence of nosocomial
pneumonia.
Moreover, this was similar to the results obtained by Topeli
et al. 2004 [12] who performed their study in a medical ICU in
Hacettepe Hospital at Ankara, Turkey. Patients were randomized
to receive endotracheal suction with either closed catheters (closed
suction group; N = 41) or single-use catheters (open suction group;
N = 37). Cultures were taken from the ventilator tubing of 42
patients to determine the occurrence of VAP. There was no differ-
ence between the two groups in terms of the frequency of develop-
ment of VAP.
In a study done by Lorente et al. 2006 [13] in 24-medical-
surgical ICU of the Canary Island University Hospital (Tenerife,
Spain) VAP incidence were assessed in 457 mechanically ventilated
patients assigned to the open-suctioning technique or to a closed
system which allows partial (suctioning catheter with its protected
covering sheath) or complete system change. The closed system
was changed not routinely but only when it presented mechanical
failure or visible soil (partial change), or when the patient needed
re-intubation (complete change). There were no significant differ-
ences in percentages of patients receiving CTSS and OTSS who
developed VAP (13.9 vs 14.1).
The study was incoordinate with the study done by Rabitsch
et al. 2004 [14] who performed his study on 24 patients in amedical
ICU in Vienna, Austria. Patients were divided into two equal groups.
Five of the OTSS group developed VAPwhile none in the CTSS devel-
oped VAP. This might be due to the small sized sample of patients
upon which the study was performed in comparison to the presentversus open suction, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/
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medical ICU and the present study in medical-surgical ICU.
In the present study, the causative organisms causing VAP
changed in OTSS group than that at CTSS group, the incidence of
MRSA, Acintobacter species and Staphylococcus Aureus as a causative
organism of VAP in group A were totally absent in group B. Pseu-
domonas spp. as a causative organism of ventilator associated
pneumonia appeared in group B which was completely not present
as a causative organism of ventilator associated pneumonia in
group A. This may be due to less handling of mechanically venti-
lated patients with CTSS, so that MRSA and Staphylococcus Aureus
markedly decreased. The Pseudomonas spp. appeared to be one of
the important causative organisms in VAP in patients with CTSS
group this may be due to the colonization of the catheter with
Pseudomonas spp. as the cather is changed every week.
This was similar to the study done by Topeli et al. 2004 [12]
reported that even though there were no significant differences
between the two suction systems, appearance of multi-resistant
bacteria such as Acinetobacter spp. and Pseudomonas aeruginosa
was more common in the CTSS. This may be explained by the risk
of introducing new pathogens from external sources into the
patient’s respiratory system is minimized with closed systems
because the system is disconnected only once a day or less. On
the other hand, open suctioning systems use a new and sterile
catheter each time while the catheter of the closed system is
reused several times within the 24-h period of use. One may spec-Table 1
Demographic characteristics, length of ICU stay among the surveyed RICU patients
during the period January 2012 till Dec 2012.
Variable Estimate
Age
Mean (SD) 58.3 (14.5)




Length of Hospital Stay
Median (IQR)⁄ 9.5 (5–14)
(IQR)⁄ Interquartile range.
Table 2
Comparison between Group A & B as regards monthly incidence of ventilator associated p
VAP Group A (n = 16) VAP Group
1st month 27.03 22.47
2nd month 36.59 12.99
3rd month 21.51 23.53
4th month 49.5 10.87
5th month 24.1 26.67
6th month 20.41 10.31
Overall incidence of VAP/1000 ventilator days 30.13 17.48
Table 3
Comparison between group A & B patients as regards incidence of the causative organism
Causative Organism VAP Group A (n = 16) VAP Group B (n = 9)
MRSA# 6.25 0
Klebsiella spp. 37.5 44.5
ESBLs⁄ 6.25 0
E. Coli 12.5 11.1
Acinetobacter species 31.25 22.2
Staphylococcus aureus 6.25 0
Pseudomonas spp. 0 22.2
#Methicillin Resistant Staphylococcus Aureus.
⁄Extended Spectrum Beta Lactamase Inhibitors.
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dures would multiply on contaminated catheters of closed
suctioning systems over time.
This was in coordinate with the study done by Lorente et al.,
2006 [13], There were no significant differences in the percentage
of patients who developed VAP due to any particular microorgan-
ism group. This may be explained that this study have limitations
is that it was performed in a medical-surgical Intensive Care Unit
approximately half of patients are postoperative cardiac surgery
patients, and a large portion of the patients underwent mechanical
ventilation for less than 48 h.
The present study shows that there was no statistically signifi-
cant difference in decrease of mortality rates mean ± SD
(88.5 ± 10.4) in OTSS vs (85.8 ± 8.5) in CTSS between two groups.
This is similar to the study done by Topleil et al. 2004 [12] who
performed his study in a medical ICU on two groups of patients.
They concluded that there was no difference between the groups
in terms of, mortality in the ICU 27/41 in OTSS versus 25/37 in
CTSS.
This was also in agreement with the study done by Lornte et al.
2005 [15], in 24-bed medical –surgical of the Canary Islands
University Hospital (Tenerife, Spain), the study was done between
January 2004 to September 2004. There was no difference between
two groups OTSS 31/236{13%} versus CTSS 30/221{14%} as regard
the mortality.
Furthermore, this was also coordinate with the study done by
Morrow et al. 2006 [16] in a 20 bed paediatric ICU in a developing
country. They showed that, there was no difference in characteris-
tics or outcome between patients on closed-system suctioning
(n = 83) and those on open endotracheal suctioning (n = 180).
Closed-system suctioning did not affect patient outcome in this
setting.
The present study showed statistically significant decline in
mean average length of stay in ICU ± SD (10.3 ± 3.2) in OTSS vs
(9.3 ± 2.5) in CTSS group.
On the other hand, this study was also in disagreement with the
study done by Combes et al., 2000 [17] who performed his study in
a neurosurgical ICU which revealed that there is no difference as
regard average length of stay in ICU.
However, this study was not similar to the study done by
Topleil et al., 2004 [17] who performed their study on clinicalneumonia.
B (n = 9) Group A Group B v2 p Difference 95% CI
15.4% 20% 0.07 0.7 4.6% 25.84 to 37.5
42.9% 6.25% 2.35 0.1 36.65% 1.73 to 69.14
25% 18.2% 0.04 0.8 6.8% 27.7 to 43.29
62.5% %10 3.4 0.06 52.5% 8.4 to 77.69%
15.4% 18.2% 0.13 0.7 2.8% 27.06 to 34.32%
25% 12.5 0 1 12.5% 26.42 to 48.08%
21.3% 13.6% 0.9 0.3 7.7% 5.15 to 19.97%
.
v2 p Difference 95% CI
0.08 0.7 6.25% 24.1 to 28.3
0.007 0.9 7% 27.9 to 41.58
0.08 0.7 6.25% 24.1 to 28.3
0.2 0.5 1.4% 32.22 to 26.63
0 0.9 9% 27.6 to 38.1
0.08 0.7 6.25% 24.1 to 28.3
1.4 0.2 22.2 2.85 to 54.7
versus open suction, Egypt. J. Chest Dis. Tuberc. (2016), http://dx.doi.org/
Table 4
Comparison between Group A & B patients as regards the monthly mortality rate.
Group A Group B v2 p Difference 95% CI
1st month 46.2% 50% 0.06 0.7 14.2% 23.07 to47.2%
2nd month 28.6% 43.75% 0.04 0.8 15.1% 25.9 to 45.9
3rd month 12.5% 36.4% 0.4 0.5 23.9% 16.6 to 53.9%
4th month 25% 20% 0.1 0.7 5% 30.8 to 42%
5th month 46.2% 27.3% 0.2 0.5 18.9% 18.3 to 49.19
6th month 25% 50% 0.2 0.6 25% 19.4 to 58.6%
Table 5
Comparison between Group A and B as regards to the monthly ventilator days and monthly ALOS.
Group A (n = 75) Group B (n = 66) t P
Monthly ventilator days
Range 74–101 75–97
Mean 88.5 85.8 1.6 0.09
SD 10.4 8.5
Monthly ALOS#
Range 5–14 7–14 2.04 0.04⁄
Mean ± SD 10.3 ± 3.2 9.3 ± 2.5
#Average length of stay.
P < 0.05⁄ significant.
6 A. Elmansoury, H. Said / Egyptian Journal of Chest Diseases and Tuberculosis xxx (2016) xxx–xxxand surgical ICU; there was no statistically significant difference as
regard average length of stay in the ICU.
This may be due to that the two previous study choose the sam-
ple of patients randomly allocation, on the other hand the present
study, patients on mechanical ventilation were divided into two
groups in two different periods. When randomizing individual
patients, resulting in a mix of patients receiving ES with CSS and
OSS, beneficial effects of CSS might be obscured by cross-
transmission occurring from neighbor patients randomized to
OSS. Therefore, a large multiple-Center crossover trial, with fixed
periods in which either of both systems is used, appears to be most
appropriate.
Furthermore, we have limitations in our study that we didn’t
mention the risk factors of patients who developed VAP; this
may be the cause that patients with OTSS have shorter length of
stay than patients with CTSS.
In the light of the previously mentioned data, there is no statis-
tically significant difference in OTSS group and CTSS group, as
regard the incidence of VAP, the mortality rates and the causative
organisms. (See Tables 1–5)
In spite of this, the OTSS group had a statistically significant
decline in average length of stay than CTSS group.Conclusions
 There is no difference in the incidence of ventilator associated
pneumonia between OTSS group and CTSS group.
 Along the period of the study, there was no difference as regard
mortality rates of patients between the two groups.
 There was absence of infection caused by, MRSA, Acintobacter
species and Staphylococcus Aureus as a causative organism of
ventilator associated pneumonia in patients with CTSS group.
 On the other hand, the incidence of Pseudomonas spp. as a cau-
sative organism of ventilator associated pneumonia in patients
with CTSS group increased markedly.
 As such, there was no advantage of CTSS over OTSS, but further-
more, there was a reduction in the average length of stay
declined in patients with OTSS group.Please cite this article in press as: A. Elmansoury, H. Said, Closed suction system
10.1016/j.ejcdt.2016.08.001Recommendations
 Further studies needed to be done to assess the effect of CTSS on
reduction of environmental contamination is a reason to mini-
mize cross-transmission of pathogens and to allow performance
of ES without the use of sterile gloves, which are recommended
when using OTSS to minimize hand contamination and thus
decrease the transmission of hospital acquired infections.
 More scientific evidences are needed to evaluate the advantage
of CTSS so as to revise the guidelines of ventilator associated
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